Introduction
Potato prodcuction has exceeded the growth in production of the major food in the developing countries, particularly in Asia. China, is the leading producer of potato with 72, 000 ,000 MT in 2007 (FAO, 2010 . Potato tuber is a rich source of nutriments essentiel for human health. That's why it is primordial to study and define the phytonutrient content of the tuber (Stushnoff et al., 2008) . Potato tuber is a rich source of antioxydant such as phenolic compounds, flavonoids, carotenoids, vitamins, and minerals. Chlorogenic acid, caffeic acid, and ferulic acid are among the major phenolic compounds in potato (Tajner -Czopeck et al., 2012) . Phenolics are more effective antioxidants in vitro than ascorbic acid or tocopherols, due to their ideal structural chemistry for free radical-scavenging activity (Blokhina et al., metabolites may produce infantile methaemoglobinaemia, carcinogenesis and possibly even teratogenesis. Until recently (Oh et al., 2010) , few studies have utilized hormetic agents to increase antioxidant compounds in growing plants. Consequently, we need to develop specific methods that can enhance health-benefiting phytochemicals in vegetables. This study is based on previous one, where hydrogen peroxide improved yield and cholrophyll content of potato tubers (Mani et al., 2012) . The objectives of this study were to find out the optimum hydrogen peroxide concentration and intra-specific response of potato to mother tuber-applied hydrogen peroxide based on changes in potato composition of ascorbic acid, nitrates carotenoids and polyphenols. The long-term objective of the research is to define a model system to explore the effects of hydrogen peroxide and other hormetic agents on antioxydant and phytonutrients in potato tubers.
Materials and methods Vegetal Material and crop management
The experiments were conducted in automn season (Ocober-January) of 2011 and 2012. Potato seeds (Solanum tuberosum L.) variety (Spunta) were obtained from the High Agronomic Institut of Chott-Mariem (Sousse, Tunisia) (ISA Chott-Mariem). Two preliminary experiments were performed using low range (20-40 mM) and high range (100-140 mM) of hydrogen peroxide. High concentrations were toxic to tubers and seems to be growth inhibitor. Yet, lower concentrations (20-40 mM) of hydrogen peroxide stimulated potato sprouting and growth. That's why, 20-80 mM hydrogen peroxide concentrations were selected for the present experiments. Potato tubers (variety Spunta) are dipped in solutions of hydrogen peroxide (0, 20, 40, 60 and 80 mM) before planting in soil. Experimental design was completely randomized block with three replications for each treatment and each concentration. Interrow and inter plant spacing were 0,80 and 0,30 m, respectively. Data were collected from twenty one plants for each treatment and each concentration. The irrigation water has a conductivity of 1,4 mS. cm -1 and a pH of 6,2. The irrigation water, expressed in meq.l -1 , is presented as follows: Ca 2 + (7,4), K + (0,1), Na + (4,9) and Cl - (5, 9) . In field, the soil is composed of clay (11,5%), silt (22,5%), sand (61%) and organic matter (1%). Its pH is of 7,6. The amounts of mineral fertilizers and organic, recommended in the area of Chott-Mariem for culture of potato (Chehaibi et al., 2008) and used in our tests, are farmyard manure (30 t.ha -1 ), triple super phosphate (P2O5 45% :150 kg.ha -1 ), and potassium sulphate (K2O 54% : 400 kg.ha -1 ), they were used as P and K sources respectively. Theses fertilizers were incorporated in soil before planting. One month after planting, potassium sulphate (K2O 54%: 400 kg.ha -1 ) and ammonium nitrate (NH4 NO3); (N 33% :100 kg.ha -1 ) were also incorporated in soil. Minimum temperature was 9°C and maximum temperature was 21 ° C during the culture period.
Measured parameters
Measured parameters in potato tubers after harvesting are carotenoids, polyphenols, ascorbic acid and nitrates.
Determination of carotenoids
For each concentration of hydrogen peroxide, potato chips were prepared from 15 g of average sample (four potato tubers) and left frozen in closed Petri dishes in a freezer for approximately 12 h. After that, the frozen samples were freeze-dried for 12 hours. The samples were then slightly disintegrated in narrower beakers with a glass rod and 10-15 ml acetone was added. The beakers containing the samples were covered with tinfoil to prevent light activity and stored for 2-3 days in a refrigerator at 0°C. The beakers were then put in a ultrasound bath and sonicated for 20 min, and the samples were filtered through a glass frit. The yellowish filter cake was after that washed three times with 5 ml acetone until the cake acquired white colour. The filtrates were cantitatively transferred to 25 ml volumetric flasks and made up to the mark (if resulting extract volume was over 25 ml, the redundant acetone was evaporated under nitrogen flow). In the case of turbidity, the acetone extract was filtered through a fold paper filter of medium density. The absorbance of the acetone extracts was the measured in 1 cm cuvettes at λ = 444 nm against acetone and the total carotenoid content in mg/kg of sample was expressed as lutein equivalent from the equation : (K+ X) L = A 444. 25. 15 / 0. 259. m (mg /kg), (Brown et al., 1993) (K+ X) L : Total carotenoid content (carotenes and xanthophylls) A 444 : Absorbance of acetone extract at λ = 444 nm m: sample weight
Determination of total polyphenols
Peeled potato tubers were homogenised in the shortest time using a mixer and for the determination 10 g was weighed into 100 ml volumetric flask. The flask was then filled up with 80% ethanol to the mark and after a vigourous agitation during 5 min and homogenisation, the solution was left to settle during 5 min. After that, 5 ml aliquots were pipetted for the determination. After dilution with distilled water to aproximately 30 ml, 2.5 ml of folinciocalteau reagent p.a were added. After agitation and 3 min standing, 7.5 ml 20% Na2CO3 p.a. solution was added and the volume was made up to the mark with distilled water. After many agitations and two hours standing at laboratory temperature, the absorbance of the blue solution was measured against blank in cuvettes of 0.5 cm thickness at λ= 765 nm on spectrophotometer. Polyphenol compounds were expressed as gallic acid content on dry matter (DM) basis. Two parallel determinations with each sample were performed (Chang, 2011) .
Determination of ascorbic acid
Round shape potato tubers of 5-6 cm diameter were washed, weighed, and homogenised with a weighed amount of oxalic acid solution (28 g of (COOH) 2. 2 H2H in 1l). The homogenate was then filtered and ascorbic acid was determined in the filtrate polarographically by the method of standard addition on the polarograph with the following parameters : initial potential = 250 mV, final potential 300 mV, rate 20 Mv/s, bubble period : 120 s, number of scans 1, static period 1 s, height of pulse 50 mV, witdth80 mV. Two parallel determinations with each sample were performed for each concentration (Lachman et al., 2008) .
Determination of nitrates
of potato tubers was prepared (after the addition of Cu S04, Al2 SO4)3 and Ag2 SO4 and analysed using ion selective electrode method of Davideck et al. (1990) . All data of these parameters were analyzed by variance at 5% level using SAS program.
Results

Carotenoids
Maximum values of carotenoids were found in tubers treated with 40 mM of hydrogen peroxide, and this increase was statically different (P = 0.02978) (Table 1 ). Yet, low values were found in control tubers (carotenoids = 10.3 mg/kg), and this value was also statically significant (P = 0.0029). The rest of tubers exceeded this everage, indicating that carotenoids content of tubers were affected by the concentration of hydrogen peroxide applied on tuber mother.
Polyphenols
Application of hydrogen peroxide increased tuber content of polyphenols comparing to control (carotenoids= 511 mg/kg), this value was statically significant (P = 0.0231) (Table 2) . Nonetheless, this increase was not statically significant for all treatments excepting for tubers treated with 20 mM of hydrogen peroxide (carotenoids = 525 mg/kg, P = 0.0426). On the average, tubers treated with 20 mM of hydrogen peroxide exceeded the control ones by 14 mg/kg.
Ascorbic Acid
Comparing to control tubers, treated tubers exhibited higher amounts of ascorbic acid content (Ascorbic acid = 12.9 mg/kg), although this increase was not statically significant (Table 3) . This increase was more pronouced with higher levels of hydrogen peroxide. Consequently, more the concentrations of hydrogen peroxide were important, more the content of ascorbic acid was high. In fact, most increase of ascorbic acid content were noted at 60 and 80 mM of hydrogen peroxide (19.1 and 19.4 mg/kg respectively).
Nitrates
A little increase of nitrate content (15 mg/kg) was recordered in tubers treated with 20 of hydrogen peroxide. Yet, this increase was statically significant. Also, the highest value of nitrates was found in control tubers (nitrates = 301 mg/kg) and this value was statically significant (P = 0.0680) (Table 4 ). Nevertheless, high concentrations of hydrogen peroxide decreased potato nitrates content, high levels were noted with 60 mM of hydrogen peroxide (nitrates = 187 mg/kg) (P = 0.0737).
Discussion
Dipping potato mother tubers in hydrogen peroxide solutions has not been the subject of intensive studies. Many studies pointed the fact that hydrogen peroxide can stimulate plant growth when it is applied as seed treatment under optimal and suboptimal conditions (Vipin et al., 2007) . In the current study, we found that low levels of hydrogen peroxide promote carotenoids content, thus high concentrations of hydrogen peroxide decreased carotenoids tuber content. This inhibition was probably due to overall yellowing of leaves and constriction and browning of roots. Such reductions are observed as a result of aberrant metabolism due to the dippin in hydrogen peroxide solutions and of a loss of leaf pigments, especially the Chl b (Lopez et al., 2005) . Yet, other studies suggest that application of a controlled concentration of hydrogen peroxide in plants stimulates photosynthesis (Maisuthisakul et al., 2007) , but high concentrations remains toxic. In the current experiment, relatively low levels of hydrogen peroxide (20-60 mM) increased tuber content of carotenoids, but when concentrations exceeded this everage (80 mM), carotenoids are less stimulated. According to Robert et al. (2008) , increase in carotenoids synthesis in plants indicates stress tolerance since they are implicated in light harvesting at photosystems and scavengers of reactive oxygen species via xanthophyll cycle in chloroplast. This pointed the antioxydant role of carotenoids in presence of hydrogen peroxide. Besides, it has been established that decrease in carotenoids is positively correlated with deficiency of nutrients (Hale et al., 2008 ) . This fact suppose that hydrogen peroxide minimize the water and minerals absorption by roots, leading their deficiency and yellowing of leaves. Since hydrogen peroxide is supposed to be a growth regulator, many hypothesis are presented to explain how it acts in plant. In this context, it has been reported that stimulation of carotenoids synthesis after application of hydrogen peroxide is probably due to its property of inhibiting urease and reducting the volatilization of NH3, which is toxic to the roots (Dizhbite et al., 2004) . These findings are in line with those of Blokhima et al. (2003) who stipulates that hydrogen peroxide facilitated nutrient acquisition and transport. It is also apparent that leaf senescence was delayed under the influence of this chemical indicating that hydrogen peroxide is the potential bioregulator for improving photosynthetic efficiency and yield of potato (Mani et al., 2012) and possibly other cultures. Genetic and physiological evidence suggests that hydrogen peroxide acts as a signaling second messenger, mediating the acquisition of tolerance to both biotic and abiotic stresses and providing information about changes in the external environment (Quan et al., 2008) . For example, exogenous application of hydrogen peroxide induced tolerance to high temperature and to chilling in microplants of Solanum tuberosum according to Mora-Herrera et al. (2007) .
Low concentrations of hydrogen peroxide increaed nitrates content, so this chemical may be involved in lipid metabolism of the chloroplast according to Zhao et al. (2007) . We found that when high concentrations of hydrogen peroxide were applied on mother tubers, polyphenols and ascorbic acid content in potato tubers were increased. These results are in line with those of . This increase is probably be due to an increasing of CO2 content and consequently a decrease of glycoalcaloids and citric acid in tubers. Otherwise Prior et al. (2005) found that hydrogen peroxide decrease d polyphenols synhtesis. Besides, data collected indicated that hydrogen peroxide increase ascorbic acid content in tubers. Similar results were reported by Reddivari et al. (2007) . They proposed that hydrogen peroxide inhibited oxidation of ascorbate and protect proteins oxydation. This study indicated that potato tubers containing less amount of nitrates are those treated with high concentrations of hydrogen peroxide, this suppose this chemical inhibit nitrate reductase activity and amino acids accompanied by the consequent decrease of reducing sugars (Reyes et al., 2005) . The metabolism of this mineral on plant roots implicates inducible and constitutive transport systems through the transport of the anion by H+ symport mechanisms sustained by H+-ATPase (Sondergaard et al., 2004) . Consequently, ammonia is reduced by nitrate reductase (NR) and nitrite reductase (NiR) enzymes, this reaction is occured in the presence of nitrate and interfer with other cellular traits, among which carbohydrate and amino acid metabolism, redox status and pH homeostasis (Mora-Herrera et al., 2007) . Taken together, these findings suppose that nitrate and carbon metabolisms are linked and coregulated. Consequently, we suggest that the decrease of nitrates in potato tubers treated by high concentrations of hydrogen peroxide is probably due to a decrease in nitrate reductase activity causing changes in carbohydrate availability. Since nitrate reductase activity is stimulated after increasing the concentration of sucrose (Lamattina et al., 2003) , we can suppose that hydrogen peroxide is implicated in this mechanism. Nonetheless, as hydrogen peroxide act on metabolism of nitrates, it probably induce some specific genes. In this context Wang et al. (2000) have demonstrated that high levels of nitrate in plants induced two genes : AtHB1 and AtHB2, two genes inducing hemoglobins (Hb2) and a monodehydroascorbate reductase (MDHAR). In the same vision Nai et al. (2007) indicated that these proteins depends on the redox status. Besides, as monodehydroascorbate reductase is implicated during the reduction of nitrite to nitrate by the nitrate reductase, we can suppose that hydrogen peroxide act on this molecule and consequently on the accumulation of nitrates in potato tubers.
Since ascorbic acid is an antioxydant, increase in ascorbic acid content after application of hydrogen peroxide could be due to the up-regulation of enzymatic antioxidants like catalases and peroxidases. Previous studies are in agreement with this hypothesis : 4-week-old greenhouse-grown tobacco plants treated with a moderate dosage of hydrogen peroxide (5 mM x 1.7 mg/plant) had increased ascorbic acid content with an increase in the antioxidant enzyme, catalase (Gechev et al., 2002) . Metabolism of hydrogen peroxide is controlled by many of enzymes, such as Superoxide Dismutase (SOD), peroxidases, and catalases. These regenerate the reduced forms of antioxidants and the potential antioxidant enzymes, which interact directly with reactive oxygen species and especially hydrogen peroxide (Blokhina et al., 2003) . SOD helps in dismutation of superoxide (O2.-) yielding hydrogen peroxide which in-turn is converted to O2 and H2O by an array of catalases and peroxidases. Taken togeteher, theses results support the fact that potato tuber can be an appropriate model for controlling phytonutrient composition via hormetic stress treatments. Exogenous application of hydrogen peroxide seems to be an effective hormetic treatment as the plants are vigourous, without visible physical injury.
Conclusion
After exogenous application of hydrogen peroxide on mother tubers, carotenoids, polyphenols, ascorbic acid and nitrates content changed in potato tubers. Results pointed the implication of hydrogen peroxide in nitrates accumulation and carbon metabolisms in potato tuber. Application of moderate concentrations of this chemical (20-40 mM) promote biosynthesis of carotenoids, polyphenols and ascorbic acid in potato tuber. Consequently, hydrogen can act as a signaling molecule implicated in many biochemical and physiological processes. This study also contributes to the understanding of physiological processes in potato tubers that are sensitive to hormetic stress. This information may have future applications for better cultivar selection and cultivation practices for improved phytonutrient content of field-grown potato tubers destined for human or animal consumption.
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